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(54) Radiation absorption distribu- 
tion measurement in a part sec- 
tion of a body 

(57) If the absorption distribution in 
only a part, for example a separate 
organ, of a body section under ex- 
amination is required, the overall 
radiation dose administered to the 
body can be reduced. The part re- 
gion 11 is irradiated with the full 
intensity by a beam limited 11a 
1 1 b to the width of the region 1 1 
during a first measurement cycle, in 
order to avoid reconstruction errors, 
the entire body slice 6 is irradiated 
during a second measurement cycle 
by a beam 9, 10 having a second 
intensity which is substantially 
lower than the first intensity. Thus, 
along each measurement path 
through the part region 1 1 of the 
body section 6 there are available 
two absorption values from which 



suitable correction factors can be 
determined for correcting all the ab- 
sorption values measured with the 
second intensity and lying outside 
the region 1 1 so that errors with 
respect to the absorption values 
measured using the first intensity, 
can be corrected to reduce artefacts 
during the reconstruction. 
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SPECIFICATION 

Method of and d vie for det rmining the distribution of radiation abs rption in a planar 
section of a body 

5 5 
The invention relates to a method of determining the distribution of radiation absorption in a flat 
examination 2one in a body which is situated within a positioning zone which completely 
encloses the examination zone, the examination zone bang completely irradiated in different 
measuring directions which are situated within the examination zone along a large number of 

1 0 measuring paths by means of radiation of a first intensity in order to determine first 1 0 

measurement values, the part of the positioning zone which is situated outside the examination 
zone being irradiated in a corresponding number of measuring directions along measuring paths 
by means of radiation of a second intensity which is lower than the first intensity in order to 
determine second measurement values, first absorption values being determined from the first 

1 5 measurement values and second absorption values being determined from the second measure- 1 5 
ment values, said absorption values being used for the reconstruction of the distribution of 

radiation absorption. 

A method and a device of this kind are already known from Canadian Patent Specification No. 
1,072,688. Therein, a fan-shaped radiation beam emitted by a radiation source is limited by 

20 means of a diaphragm device so that the radiation beam irradiates only the width of the 20 
examination zone, corresponding to a zone in the body section to be reconstructed, with an 
unattenuated intensity for the determination of the absorption values. The radiation of the 
radiation beam which extends outside the examination zone is strongly but not completely 
absorbed by the diaphragm device, so that outside the zone the body section is irradiated with a 

25 substantially lower intensity. Because the measurement values of the radiation extending outside 25 
the examination zone contain a comparatively large amount of noise, radiation absorption 
coefficients can be derived therefrom only with a limited accuracy. 

A method of this kind for the determination of the absorption distribution is suitable for 
significantly reducing the radiation dose to which a body is exposed, for example, if a given part 

30 of the body, for example an individual organ of a human body, which is situated within the 30 
body slice, has to be examined. In order to avoid large reconstruction errors in the examination 
zone if the overall section of the body is greater than the examination zone, it is necessary to 
determine not only measurement values associated with measurement paths through the 
examination zone, but also measurement values associated whh measurement paths extending 

35 outside the examination zone (see W. Wagner, "Reconstruction from truncated scan data", 35 
published in Mediata. special issue 1/78). 

However, due to the presence of the diaphragm device, the radiation extending outside the 
examination zone will have a mean radiation energy which is greater than that of radiation 
passing directly through the examination zone ("radiation hardening"). The corrections of the 

40 absorption values which are necessary as a result of the different mean radiation energies, in 40 
order to obtain a correct reconstruction of the absorption distribution, however, necessitate 
complex arithmetic operations and consequently a comparatively long calculation time. 

Moreover, when employing the previously described method, a part of the scattered radiation 
produced in the examination zone will be measured by detectors which are intended to measure 

45 the radiation of reduced intensity which extends outside the examination zone, and this will 45 
cause inaccurate second measurement values. 

The invention has for an object to provide a method of and a device for determining the 
distribution of radiation absorption in a planar section of a body wherein the amount of radiation 
to which the body is exposed can be substantially reduced while reducing or removing the need 

50 for difficult corrections of the measurement values due to different mean radiation energies and 50 
correction for scattered radiation. 

A method in accordance with the invention is characterized in that during a first measuring 
cycle the examination zone of the body slice to be examined is irradiated with the first intensity 
in order to determine the first measurement values, whilst during a second measuring cycle the 
♦Ma ! positioning zone of the same or a neighbouring body sIicp is ; r-afi^rprl with rhp secon- 4 
tensity in oraer to determine secono measurement values 

Herein a ^measurement cycle is to be understood to mean the successive iirauiatiun u 
Dody section a-ong all measurement directions situated in the slice by m ans of a plurality ot 
measurement beams for respectively deriving either the first or the second group of m asure- 

60 ment values, both of which are required for the reconstruction of a distribution of the radiation 60 
absorption. Such a radiation beam may be fan-shaped. The measurement values obtained may 
be selected to form sets of measurement values so that the measurement paths associated with 
a group of measurement values extend in parallel. The term first and second measurement 
cycles is no to be taken to imply any sequence in time whatsoever. The second measurement 

65 cycle may directly follow the first cycle, but may equally well have been performed earlier. 6 5 
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Simultaneous execution of the two measurement cycles, however, must not take place. 

Tests have revealed that for the determination of the absorption distribution within the 
examination zone it suffices that the second measurement values along measurement paths 
extending outside the examination zone are at least approximately known. This means that less 
5 severe requirements may be imposed as regards the absence of noise and the accuracy of the 5 
second measurement values than on the measurement values determined along measurement 
paths extending through the examination zone, so that the determination of second measure* 
ment values outside the examination zone may be performed with a substantially lower radiation 
intensity. The second measurement values may also be measured in a further body section 

1 0 adjacent the body section. 1 0 

When the mean radiation energies of the radiation during the first and the second 
measurement cycle are at least approximately the same, first and second absorption values 
which correspond to the integral of the radiation absorption in the body along the relevant 
measurement paths can be determined from the measurement values obtained, so that the 

1 5 absorption values need not be corrected for the different mean radiation energies. 1 5 

In a further embodiment in accordance with the invention, the body is displaced in a direction 
transversely of ail measuring directions in order to irradiate at least one second body slice which 
adjoins a first already irradiated body slice, after which only an examination zone in the second 
body slice to be examined is irradiated with radiation of the first intensity in order to determine 

20 first absorption values, the second absorption values of the first irradiated body slice whose 20 
associated measuring paths extend outside the examination zone being used for each measuring 
direction as approximated second absorption values for the reconstruction of the radiation 
absorption distribution in the second body slice. 
This is because it is often necessary to determine the internal structure of a body in a three- 

25 dimensional zone. This is usually achieved by the reconstruction of the absorption distribution in 25 
different, adjoining parallel body sections. If the examination zones in the various body sections 
are at least approximately equally large and occupy approximately the same position in the 
examination plane, it is merely necessary to irradiate only one body section, for example, the 
first body section, in order to record first and second measurement values. For all other body 

30 sections, only the examination zone is Irradiated with radiation of a first intensity in order to 30 
determine first measurement values or first absorption values; this results in an important 
reduction of the radiation dose to which the body is exposed or in a substantial reduction of the 
time required for determining a sufficient number of measurement values for the reconstruction 
of the absorption distribution of the irradiated body slices. 

35 In a further preferred embodiment in accordance with the invention, the second intensity 35 
which is lower than the first intensity is adjusted by reduction of the tube current of an X-ray 
source, so that the radiation energy spectrum of the X-ray tube remains the same, with the 
result that no correction of the absorption values due to different mean radiation energies in the 
successive first and second measuring cycles is necessary. 

40 Between the first and the second absorption values disturbing deviations ofter occur inter alia 40 
due to: movement of the patient, drift in the radiation spectrum of the radiation source and, in 
the case of irradiation of several adjacent body slices, also due to structures in the body. 
Therefore, the second measurement values are also determined along measuring paths through 
the examination zone. From the first and the second measurement values first and second 

45 absorption values, respectively, are then determined in the manner to be described hereinafter. 45 
According to a further version of the method in accordance with the invention, for each 
measuring direction there is formed a correction factor whereby the second absorption values 
whose associated measuring paths extend outside the examination zone are multiplied in order 
to form approximated second absorption values, the correction factor being determined by 

50 dividing all first absorption values which are associated with one measuring direction and with 50 
measuring paths extending through the examination zone by the second absorption value 
associated with the same measuring path, after which ail quotients are arithmetically averaged in 
order to determine the correction factor. 
A measuring path extending through the examination zone has associated with it two 

55 absorption values whereby a suitable correction factor is determined for reducing the said 55 
deviations so that the second absorption value along a measuring path through the examination 
'one exhibits no deviations or only smal! deviations with espect to the first absorption value 
nong the samp measuring oath A correction factor is tn - calculates tor eacn measurtnq 
direction. 

60 Tests have demonstrated tb.3t the correction factors which lead to a high degree of GO 
correspondence between the first and the second absorption va!u 8 within the examination zone 
can be us d for d termining approximated second absorption values whose associated measur- 
ing paths ext nd outside the examination zone. The second absorption values determined 
outside th examination zone are then multiplied by an associated correction factor. 

6 5 A pr ferred version of a method in acc rdance with the invention is charact rized in that 65 
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Figure 1 shows an X-ray tomography a PP a ™"' ™ HkD i acea ble diaphragm device. 
1 0 fi ^T?rJSKS undent block diagrams for the processing of the measurement 10 

«r ^ more than one row of 

^diagramm^ 15 
1 5 radiation source 1. for ™«P* f^^hKr* the plane of the drawing. The 

rotatable about a system ax.s2 which an opening which is 

support 3 may be, tor examp.e. » ffc» ^V'^Vrrtnes the size and the position of a 
concentric with the system axis 2 and which «~[T™*ye 5 The radiation emitted by the 
Positioning zor* 4 for a body 6 arranged ^SS^SSf to that a fan-shaped, flat rad.at,on 20 
20 Sdiation source 1 is limited by means ^^^r. taSenttal to the positioning zone 4. In 
20 beam 8 is obtained whose extreme rays 9 and J or |imrti ^ g the radiation beam 8 

otder to reduce the angle of spread of *^ ™' a *"T^ °° h t he system axis 2. there is 
To an examination zone ^^SStp.^ '3. 14- 
Drovided a further diaphragm device i i fl d ^, ich are arranged to be 2 b 

25 completely absorb the radiation^mitted by the 

displaceable by means of drive wheels 1 ^ 1 b J r ors D ^ ich comprises separate 

radiation source 1 is measured by means °J. a r ° w . ° 17 . Each radiation detector 18 is 

radiation detectors 18 which are prided wrth ^ %Q gn integrating amplifier A. C. 

formed, for example, by en «onization J^J^SiSTK other detectors 1 8 are also 30 
30 V7a a multiplex circuit MUX. to which ^^^^j^wnptod and is applied, via an 
3 connected, the integrated ^^^^22 ^^^ circuit yet to be 

analog-to-digita! converter A/D. and a ««J^ ;° an ^j,, to the examination zone 1 1 
described. The measuring rays 11a and 1 , ^ M **J ms the row of detectors D are 
are incident on the rad.ation detectors ^^\^ umber of tne twelfth radiation detector. 35 
35 denoted by the reference p'. p «. tor e * a ™P^/*" e-ntral oosition P 0 and on which the 
35 Seen from" the radiation detector which width of all radiation detectors 

centra, ray 21 of the radmtor, ^2*23. between the radiation detector 
1 8 is the same, the number p is jm measure o t occupying the position p 0 . Q 
associated with a position p and the D are mounted on the support 40 

40 The two diaphragm devices 7 and 12 and ' the JP W 0 of suitab | e bearings 19. f the 
3 which itself is rotatably journalled <™%™*fX^ m axis 2. the position of the 
centre of the examinatton zone 11 is not «MMW"" chanqed so that the central rays 1 la. b 
absorption pieces 1 3. 14 of the *»*<W*™Z° T ™ ' *S of the support 3. The position 
are tangential to the examination zone ' "^^tab^^S^ prior to the irradiation of the 45 
45 and the she of the examination zone 11 are ^ther , suitaoy js known per „ from 

ToAhTdtt^^ - 

50 is irradiated in two m «" u ^"^2 K 6 or the examination zone 1 1 is successively 
rotated for example through 360 while the bojfttj denoted by the ang e 9 wh.ch 

irradiated in. for example. 600 Afferent beam 8 and the x-axis of a 

is enclosed by the central ray 21 ^St'S£SJ?^ to. and situated in the *«. The 
rectangular coordinate system {x, VK^SuiedoTthe system axis 2 The separate radiation 55 

,,;,,„ 0 , ,h, -ordinate system fx v) .s s uat ed on t . y ^ ^ :hl . . t , a! - * ^ 

sectors 1* supply measurement value . -u> Uetector r0 w U 

•os.uon l n- an md.vioual raOiation detector !» r tne u tan s napeo raci.atm 

So a first measurement cycle, the absorption p.eces ' J- rrad iated w-th rad.atior. c 

beam 8°to the width of the P^^^X Z^Z'^eJ^) which are 6U 
60 a first (primary) intensity l e ,,n order » ^^SdSSi. extend along measurement paths 
allocat d to a first group Rad.at.on w ^ h f ^ |etely ab sorbed. . . f . 
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more than ten times less, than the first intensity l 01 in order to measure second measurement 
values l 2 (p,d) which are allocated to a second group of measurement values. The intensity 
variation is realized, for example, by reducing the tube voltage of the X-ray tube or the radiation 
source 1 , so that radiation having a different mean radiation energy is generated. The variation 
5 of the intensity of the radiation and the displacement of the absorption pieces 13,14 can be 5 
coupled, so that when an adjustment device is operated (not shown), the variation and the 
displacement are performed, the absorption pieces 13, 14 restricting the radiation beam 8 to 
the examination zone 1 1 for a preselected first intensity l 01 , whilst the absorption pieces 13.14 
are moved out of the path of the radiation beam for the preselected second intensity l 02 * after 

10 which the total positioning zone 4 is irradiated. 10 
The restriction of the fan-shaped radiation beam 8 to the width of the examination zone 1 1 
during the first measurement cycle, however, can also be realized in a manner other than by 
displacement of the absorption pieces 13, 14. For example, in the absence of a diaphragm 
device 1 2, the radiation source 1 and the row of detectors D can be shifted in the direction of 

15 the central ray 21 so that the extreme rays 9, 10 of the fan-shaped radiation beam 8 are 15 
brought to be tangential to the examination zone 1 1 , as will be further described hereinafter. 

Fig. 1a diagrammatically shows a further embodiment of a computed tomography apparatus 
for determining first and second measurement values during a first snd a second measurement 
cycle. The anna rati? ? shown comprises an X-rsy source 1 which emits en X-ray beam 8 having s 

20 fixed semi-angle.of fan a. The parts of the tomography apparatus which correspond to Fig. 1 are 20 
denoted by the same reference numerals or letters. The X-ray source 1 and the detector row D 
are movabry mounted at a fixed distance from each other on a frame 50. The frame 50 is 
coupled on both sides, via a rack and pinion 51 , to two electric motors 52 whereby the frame 
50 with the X-ray source 1 and the detector row D can be displaced with respect to the system 

25 axis 2. The frame 50 comprises an oval aperture 53 which leaves the positioning zone 4 25 
completely exposed in all positions of the frame 50 with respect to the system axis 2. For the 
first measurement cycle, the frame 50 is moved to the position shown, so that the X-ray source 
1 irradiates only the examination rone 1 1 . The extreme rays 9, 1 0 of the X-ray beam 8 form the 
rays 11a, 11b (see Fig. 1) which are tangential to the examination zone 1 1 . After completion of 

30 the first measurement cycle, the frame 50 is moved for the second measurement cycle to a 30 
position (denoted by broken lines and the reference numeral 50') in which the source 1 ' 
irradiates the entire positioning zone 4. The extreme rays 9 and 10 of the X-ray beam 8 are then 
tangential to the positioning zone 4. The reference numerals of the parts displaced (such as the 
frame 50) are provided with an accent in the position for the second measurement cycle. 

35 The embodiment of the tomography apparatus shown in Fig. 1a offers a better resolution for 35 
the examination zone 1 1 than the tomography apparatus shown in Fig. 1 . This is because the 
tomography apparatus shown in Fig. 1 a utilizes all of the detectors in the detector row D for 
detecting radiation along measurement paths through the examination zone 11. In the apparatus 
shown in Fig. 1 , however, only some of the detectors of the detector row D are used. When use 

40 is made of the apparatus shown in Fig. 1 a, a reconstructed image of examination zone 1 1 can 40 
contain as many pixels as a reconstructed image of the entire positioning zone 4 made by 
means of the apparatus shown in Fig. 1 . 

The spacing of the measurement paths in the examination zone 1 1 is smaller during the first 
measurement cycle than the spacing of the measurement paths in the examination zone 1 1 

45 during the second measurement cycle. For the processing of the measurement values associated 45 
with the measurement paths the spacing must be the same as will be described in detail 
hereinafter. Interpolation between the measurement values obtained during the second measure- 
ment cycle produces a new set of (artificial) derived measurement values which belong to 
notional measurement paths with a modified spacing (adapted to the spacing of the paths 

50 during the first measurement cycle). 50 
It is to be noted that the apparatus shown in Fig. 1a is known per so from United States 
Patent Specification No. 4,1 34,020. 

The processing of the values from the First and the second groups of measurement values l,(p, 
di and ) 3 (p,£), respectively, will be described with reference to the block diagram shown in Fig. 

55 2. The first and the second measurement values l,(p,0) and l 3 (p,£), respectively, are applied, via 55 
a data line 22, to a First input of a logarithmic conversion device 23 by means of which the first 
absorption values Q,(p,#) — — 1 n(i,(p,#)/l 01 ) and the second absorption values Q ; (p,#) ™ - 1 r 
? (p,£)/ ! 02 ; are tormed \ he snmary first and second intensities » ot and \ 07 , being preselectec 
measured tor examoie, try calibration measurements by means ot trie detectors lb. are 

jO stored for this purpose in a first memory 24, a second input being connected to the logarithmic bG 
conversion device 23. The device 23 comprises, tor example, a divider circuit whose output is 
connected to a read-only memory in which a logarithmic conversion table is stored. On the basis 
of the position of the centre of the examination zone 1 1 and the measurem nt direction d the 
arithmetic unit 25 calculates the coordinates of the extreme rays 11a and 11b which ar 

65 tangential to the examination zone 1 1. and hence the positions p' of the two associated detector 65 
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elements 1 8 This calculation is predetermined by the geometry of the device and has to be 
oerformed only if the examination zone 1 1 Is eccentrically situated with respect to the system 
axis 2. If the centre of the examination zone coincides with the system axis 2. the positions p 
are the same for ali meesurement directions 

5 The positions p« are applied to a second memory 26 in which the first absorption values 5 
aSyXdih i second absorption values Q2(p.v) are separately stored. The positions p» are 
applied to the device 23 for logarithmic conversion, so that the first absorption vaUiesi Q, p,£) , 
associated with measurement paths extending through the exam.nat.on zone 1 1 are detenmned. 
During the measurement of the first measurement values, e control unit 27 is con rolled by the 

1 0 positions p« determined in the arithmetic unit 25 which are dependent on the angle v in the 1 O 
Se of an eccentrically situated examination zone 11 The control unit 27 dnves for example, 
an electric motor which realizes the displacement of the absorption pieces 1 3 14 for the 
stopping down of the fan-shaped radiation beam 8 during the determination of the first 

1 5 " FromT values Q,(p.») and the second absorption values Q j(P(V ) appro* 1 5 

m«ted second absorption values Q' 2 (p.*) are determined by means of an electronic unit 28 (to 
Td^teTn^^ewner) for the measurement paths extending outside the examination 
zo°ne W ri'"said"ap"proximated second absorption values being used, together with tnetirst 
abwrptionvalues Q^p,*), to determine the ebsorption distribution tfx, y) of the irradiated body 

20 £ bTmeanaof a known centrel computer 29. The absorption distribute tfe y) obtamed is 20 
sto^n a memory 31 and can be displayed, for example, on a monitor 30 The portions p' 
S SdtcSe the position of the extreme rays 1 1a and 1 1 b tangential ^«« xam '^°"J°^ 
7 IwmSd to the unit 28 via the data line 32. Wathe data line .33. the first and the second 
absoVpX values Q,(p,*) and Q,(p,*), respectively, are applied to the electronic un. : 28. whilst 

25 tKte data line 34 the approximated second absorption values Q« s {p. v ) are returned from the 25 
Tronic Jnitls to the memory 26. the absorption values Q,(p.*) then being replaced by the 

approximated absorption values Q',(p.#). , .„„„«,s m>rt -d 

Fio 3 is a block schematic circuit of the electronic unit 28 for determining the approximated 
«»cond absoTDtion values Q',(p,*). It is assumed that a first and a second measurement cycle 

30 are^rfoKo) a body slfceVbe examined and that no movements of the body occur. It may 30 
S^falso be assumed that differences in the first and the second measurement values 
determined respectively elong one and the same measurement path during the first and the 
second measurement cycle a?e caused mainly by different radiation energy spectrums used n 
SeW^ccessive measurement cycles. It is generally applicable that thepnmary .mensrty \ 0 is 

35 dVpeTSent of the radiation energy E, so l 0 (E) Because the radiation absorption is also .dependent 
on the energy p(x. y) - fr. y, E). the first and the second measurement values are also 
dependent on the energy: 

KM. E) - JI 0 (E) exp ( - Jtfx. y. E)ds) dE (1 ) 40 

40 A reduction of the radiation intensity by changing the X-ray tube voltage (anode voltage) 
during thf»cond measurement cycle is accompanied by a change in the radiat.on energy 
spectrum, so that after conversion in the device 23 the second absorption ™' ue » ^J^™ n « 
been determined along measurement paths through the examination zone^ U usuaHy depart 

45 from the first absorption values Q ( (p.*) determined along the . same . ^«suremej t Pg^Tlj 45 
departure is at least approximately corrected by a correction factor Ctf) which is def.ned as 
follows: 



35 



50 



55 



1 

50 C{9) ia,(p,*)/CMP.v) (2) 

K(*)P 

and which is dependent on the measurement direction ». Therein. K(*) indicates the number of 
m^rement peThs through the examination zone 1 1 in a direction 9. The sum cove* all 

r ^ aS uremen, paths associated with a measurement d.rect.on 9 and extendmg through the 

xarmnation zone " , llhfl ,, 

uvher Tr ip .nwnwtv var.at.on of ton way source s reanzeo Dv vanat.n- n. tne luoe cur - 
whilst the tube voltage remains tne ^.^^^e^C^V _™ 'J' 

second absorption values Q'^P^) whose associated measurement paths extend outs.de the 
exSabS 7Si % II the second absorption va.ues Q,<p.*). for measurement paths outs.de the 
examination zone 1 1 . are multiplied by the correction factor C<#). so that: 

bb 

65 Q',(p.*) - (C(») • Q 3 (P .*) O) 
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The divider/adder circuit 35 shown in Fig. 3 determines the quotient Q,{p,#)/Q,(p.#) of the first 
arid the second absorption value Q,(p,#) and Q 2 (p,#) entering via the data line 30 and measured 
along the same measurement path, for this measurement path and also sums the successively 
5 calculated quotients. The calculation rs performed for ail measurement paths extending through ' 5 
the examination zone 1 1 under the control of the position data p' entering via the third data line 
32. A counter 36 determines the number K{H) of measurement paths extending through the 
examination zone 11 in a measurement direction d and applies the number K(&) to a divider 
circuit 37 which determines the correction value C{#) from the sum of the quotients and the 

10 number K{d) (see formule 2). In a multiplier 38, the approximate second absorption values 10 
Q' 2 (p,#) for measurement paths extending outside the examination zone 1 1 are determined by 
. multiplying the absorption value Q 2 (p,#) by C(#) (see formule 3). The approximated absorption 
values Q' 2 (p,#) are applied to the memory 26 again via the data line 34 (Fig. 2). The second 
adsorption values Q 2 (p.#) for measurement paths outside the examinations zone 1 1 are thus 

1 5 replaced by the approximated absorption values Q 4 3 (p,#). Said operations are successively 1 5 

performed for each measurement direction Subsequently, the absorption distribution /*{x, y) is 
determined in known manner by means of a known central computer 29 which utilizes the first 
absorption values Q,(p,£} together with the approximated second absorption values G' 2 (p.d). 
If the absorption has to be determined within a body volume, several (for example, 20) 

20 parallel and adjoining body sections of a zone (region) of the body can be irradiated. When use 20 
is made of a computed tomography apparatus as shown in Fig. 1 or Fig. 1a, the sections are 
successively irradiated. It is not necessary to irradiate that part of the positioning zone 4 which 
is situated outside the examination zone 1 1 for each section to be examined. In the case where 
only a few adjoining slices are examined, it is sufficient to irradiate only the central section 

25 during a first as well as during a second measurement cycle, as herein defined. Irradiation is 25 
confined to the width of the examination zone of each of the other sections during a succession 
of corresponding first measurement cycles. The measurement values relating to the surroundings 
of the examination zone 1 1 , which are derived from said central section during the second 
measurement cycle, are then used for the reconstruction of an absorption image of the adjoining 

30 sections as though these measurement values had been measured in the section to be 30 
reconstructed. If the part of the body 6 situated outside the examination zone 1 1 is 
"continuous" (i.e. if it exhibits few absorption transients from one slice to another), there will be 
no significant errors in the reconstructed images. 

Instead of the successive irradiation of the separate sections of the body, it is alternatively 

35 possible to irradiate the various sections of the body 6 simultaneously when use is made of the 35 
detector D' shown in Fig. 6a which replaces the detector D shown in Fig. 1 . To achieve this, the 
detector & comprises several rows of detectors R, each row R detecting the radiation which 
passes through the examination zone 1 1 in a corresponding section. The detector U further- 
more comprises one long detector row R' which detects in one section the radiation passing 

40 through both the examination zone 1 1 and radiation passing through the part of the positioning 40 
zone 4 which is situated to either side of the examination zone 1 1 . During the first measurement 
cycle, the ends 54 are shielded from radiation by means of a known, adjustable diaphragm 
which is arranged between the source 1 and the body 6. After the first measurement cycle, the 
diaphragm is adjusted so that ail detector rows R are shielded from radiation. 

45 If a substantial part of the body 6 is to be examined, so that a significant number of adjoining 45 
slices have to be irradiated (for example, from 10 to 20 slices), it is useful to determine 
measurement values in the part situated outside the examination zone in two or more sections 
instead of only one section during a second cycle. These sections should then be more or less 
uniformly distributed among all sections. By interpolation or extrapolation between the measure- 

50 merit values from the second measurement cycle notional or derived measurement values can 50 
thus be calculated for those slices for which no measurement values have been determined 
during the second measurement cycle. In addition to the successive irradiation of the adjoining 
sections by means of the device shown m the Figure, the detector D" shown rn Ftg. 6b also 
enables the irradiation of different sections during both a first and a second measurement cycle. 

55 To achieve this, the detector D" comprises two long detector rows R' for the measurement of 55 
radiation which "passes through sections throughout the entire postponing zone 4 and detected 
;>ws R tor measuring radiation which oniv spans the examination zone i 

? *s assumed that the detector 0 shown in Fig. 6b comonses twenty detector rows m tota. 
oniy the frrst and the last detector row R' thereof measuring radiation which passes to either 

60 side of the examination zone 11. 60 
The second absorption values of the first and the last (for example, the twentieth) body 
section determined are denoted as Q^Cp,*) and Q^ip.d). The first and the last body section 
and the further body sections situated therebetween are irradiated during a first measurement 
cycle in order to obtain the first absorption values Q/" J (p,#)(Kn*520). The letter n denotes the 

65 number of a body section 6 5 
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it is assumed hereinafter that the position and the size of the examination zones in the 
adjacent body sections are the same for each body section. If the position and the size of the 
examination zones are different, the various formulae will have to be changed accordingly. 
However, this does not affect the basic idea of the invention. 
5 Using the method of determining the absorption distribution /i(x. y) within a body section as 5 
described with reference to Fig. 3. the approximated second absorption values Qj^fp.tf) are 
determined only for the first and the twentieth body section. Absorption values to be determined 
along measurement paths which are situated outside an examination zone in an n* body slice 
between the first and the twentieth body section are determined by means of the second 
10 absorption values QJ^iP-fy or by meens of the second absorption values Q 2 aw (p,i>) or by 10 
interpolation between these two absorption values. 

An embodiment for determining the approximated second absorption values Q' 2 w (p.*) for an 
n* body section is described by the following equation 4 and 5: 

- 1 5 QV>{p,d) « . Q 2 ™(pJ) for n - 2. 3, ... 1 9 (4) 15 

where 

1 

20 Ctfjw Sa^te^/Q^M) (5) 20 

m ? 

The quotient Q, w (p,0)/Qj (t, (p.$) is formed from the first absorption values Q/^p.fl) of the 
relevant body layer n and from the second absorption values Of' 1 '((><#) of tne first b° d Y se ct' on 
25 along measurement paths extending through the examination zone in the body slice n in the 25 
measurement direction The sum of afl quotients associated with the measurement direction # 
is divided by the number K(t>) which indicates the number of measurement paths extending 
through the examination zone of the relevant body slice for a measurement direction. 

The second absorption values Q 2 (p,#) of the first body layer are multiplied (see formule 4) by 
30 the correction factor Qdy™ for each direction £ in order to determine approximated second 30 
absorption values Q* 2 imi (p,$) for the n* body section associated with the measurement paths 
extending outside the examination zone. 

This method, where each time the first absorption value Q 2 m (P'*> of the first body slice is 
used in order to obtain the absorption distribution of an n* body section, however, produces 
35 only an approximate absorption distribution in the successive n* body sections. The results may 35 
be displayed, for example, as a provisional analysis on the monitor 30 (Fig. 2). 

However, when all measurement values are available, so that the first and the last (the 
twentieth) body secton have been irradiated during a first and a second measurement cycle, 
whilst the intermediate body sections have been irradiated only during a first measurement cycle 
40 for the determination of first absorption values Q, (n4 (p,*), the second absorption values Q, l20, {p,*) 40 
can be used for determining second absorption values in the intermediate body sections. An 
approximated second absorption value Q' (rt, (p.#) for a measurement path in an n* body section is 
then determined, for example, by: 

45 Q'^p,*) « C(#r{(V ,l (p,£) . a"* + Q/^fp.tf) .V>} (6) 45 

in which a M and b™ are interpolation factors which are, for example, equal to: 

20 -n 

t 50 a*>« (7) 50 

20 

and 

j 

60 CW"> = 2QWp.d)/\ Q, ,1J (p.*)a w + Q^p.tf) b< ft ' } (9) 60 

K(if) p 

The correction factor C(#) ,n) depends on the second absorption values in the first and the 
twentieth body section. Thus, for an <n) ,h body slice approximated second absorption values 
65 Q'/*'(p,i>) are obtained for measurement paths outside the examination zone in the n* slice 65 
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Fig. 4 shows a block diagram of a circuit 28' for executing the described methods. The circuit 

28' comprises a memory 39 in which all first absorption values (V 1| (p.d) Q^HP-*) 

Q^p,*) and the second absorption values Qj'^p,*), Q 2 '**(p,#) measured in the first and the 
twentieth body slice are stored. 
5 The interpolation factors a™ and b** are stored in a memory 40. After completion of ail 5 
measurement cycles for the irradiation of the 20 body sections, the multiplier and adder circuit 
41 successively performs two multiplications for each p value for each measurement direction 
and for each section (see formule 6): 

Qa fn (P**)a w and Q 2 r20> (p.d)b w . For each body section 2. 3 19, the sum of both multiplied- 

10 tions is stored in the memory 39, whilst the number K(d) counted by the counter 36 is stored in 10 

a memory 42 for each measurement direction £ and each layer n after the calculations for a 

measurement direction. The elements denoted by the reference numerals 35, 36, 37. 38 

correspond to the elements in Fig. 3 which are denoted by the sane reference numerals. The 

first absorption values Q^'fa.d) stored in the memory 39 are returned, together with the 
1 5 approximated second absorption values Q' 2 w (p,0)r the data lines 43 and 34, to the second 1 5 

memory 26 (see Fig. 2). so that they are available for determining the absorption distribution in 

the various body sections. 

For the determination of ihe absorption distribution in a three-dimensional part of ihe body 1 

it is also possible to irradiate the entire positioning zone of the first and the twentieth body 
20 section in only one measurement cycle and the first intensity l 01 in order to determine first 20 

absorption values Q, n »(p,£) for the first body slice and d.^fp,*) for the twentieth body slice. 

respectively. The approximated second absorption values Q' 7 ( *(p.d) for an intermediate body 

slice n are then determined as follows: 

25 QVW) - Gi (1 <P.*>. a" + G^P^b'* (10) 25 

in which a"* and b"" are determined by the formulae (7) and (8). The measurement paths 
associated with the various absorption values occupy approximately the same position with 
respect to the system axis 2 in said body sections. The absorption distribution /i(x, y) of the 
30 body section (n) is reconstructed by means of the approximated absorption values QVfP'*) and 30 
the first absorption values Q,*»{p,#) whose associated measurement paths extend through the 
examination zone of the intermediate body slice n. Because only one measurement cycle is 
performed for the first and twentieth body slice, the overall measurement time is thus further 
reduced. 

35 It will be dear that particularly the detectors shown in the Figs. 6a and b can be used for the 35 
described method. The overall measurement time required for all n different sections is then 
reduced to the measurement time required for a single section. This is notably important 
because the body 6 must be in rest during the measurement. Artefacts in the images to be 
reconstructed can be reduced or prevented by the reduction of the measurement time because, 

40 for example, holding the breath is quite feasible for 4 to 6 seconds (measurement time for 40 
section), but a measurement time of from 40 to 60 seconds (ten sections) would already give 
rise to problems. 

The reconstruction methods customarily used thus far do not take into account the fact that 
the correction of the second absorption values (V n) (p,#) by multiplication by the correction factor 
45 C(#), &^(d) forms only an approximation of the first absorption values Q, w (p,*). Local 45 
discrepancies cannot be eliminated thereby. Local discrepancies of this kind, however, occur, for 
example, between first absorption values Q,(p',#) and approximated second absorption values 
Q' a (p',#), where p' is the position or the path of an extreme ray which is tangential to the 
examination zone 1 1 . Due to the step-wise transients between CMp',*) and Q'^tp',*) local 
50 artefacts may occur in the reconstructed absorption distribution. 50 
In order to avoid this, a local adaptation of the approximated second absorption values 
Q' 2 (p',ft) to the first absorption values Q,(p',#) is realized for each examination zone and for each 
measurment direction /i by a more elaborate correction. 
The more elaborate correction is executed in accordance whh the formula 
55 55 

nerein, me aosorotion values Q'/ r '(o,i>) are me approximated second aosorption values aireac^ 
calculated by the arrthmetic unit 38 (see Fig. 3). The absorption value Q'V^p,^) is the corrected 
60 approximated second absorption value associated with a measurement path outside an examina- 60 
tion zone 1 1 . The factor d (, *(p,#) is a second correction factor which realizes a monotonously 
decreasing transition from the first absorption values Q, (n, (p.#) In position p < p' to the 
approximated second absorption value Q'^p,^) in the position p > p', the second correction 
factor satisfying, for example: 
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dW( p^, - 1 - f(p-p') + • KP-PO 02) 



10 



15 



5 Therein «p-p') is a weighting function which monotously decreases as a function of distance 
wh^re f pip') - 1 ^ p-p'-O and f(p-p')<1 for | P - P '| 0. Thi .limitation of the more elaborate 
correction to a local range of the absorption values is obtained by a suitable cho,ce of a 

10 "InSlEZS ovToted by the reference numerals 35 to 42 In Fig. 4 correspond to the 

elements bTr ng these reference numerals in Fig. 5. As appears from Ha 6. the W™™*"* 
sSnd ateorption values QV«M) obtained by means of *e jnultipl.er 38 »re appl.ed. wa a 
Hata line 48 to the memory 39 in order to replace the absorption sums %V£>* 
^S^SiS^Sd therein. In the divider 44 the quotients Q^' ^/a'^p'.*) (see J ormule 

1 5 1 2) ate formed end from a memory (for example, a read-only memory) the weighting factors 
J/d-oT areWieved, after which the second correction factor d*>(p.*) is determined by means of 
^y.™r£ZZ£ ** Th 8 second correction (see formula 1 1) is subsequently performed in 
the" muhi&t ^7to whichV*eSSre. the second correction factor d"M and the second 
an nrnyimatad absorption value Q, w {p,*) are applied from the memory ^y. 

20 P T^mS^ f ««uSed **■ Uo5 diagram of Fig. 5 is also suitable for adequate correction 20 
of ^iSfonTbetween first absorption values Q,«(p.*) and second ebsorption values Q£M» 
caused by patient movements. The more elaborate corrected approximated second absorption 
„ a i n r\" &\ is introduced into the memory 26 via data line 34. 
^method in a^oSance with the invention is not restricted to use ,n computer tomography 

K aoo^t^ comprising a detector device which moves with the source as shown .n Fig. 1 . but 25 

25 cTaTso TuTSTLmputer tomography apparatus comprising a angle detector ^or some tens 

Sod claimed. However, no such restriction is to be implied concerning the scope of the 
apparatus claimed herein. 

35 CL f ' M A method of determining the distribution of radiation absorption in a flat examination 35 
zone in a tody which is situated within a positioning zone which completely encloses the 
exa^ Trent The examination zone being completely irradiated in different measunng 
dSons which are situated within the examination zone along a large number of measu ring 
^Z^T^Zlon of a first intensity in order to determine ™"~»^££S* 40 

40 me part of the positioning zone which is situated outs.de the e *™'"f'°"^ 

in a corresponding number of measuring paths by means of radiation^ * ■ •^ d JJ22"J„ | 
which is lower than the first intensity in order to determine second measurement values, first 
absoTption^lues Ceing determined from the first measurement values and second absorption 
Jalues oemq^de%rmined from the second measurement values, said absorption values bemg 

45 usld foMhe'reStstruction of the distribution of the radiation 

durino a first measuring cyde only the examination zone (1 1) of the body slice to be ««m.neo 
fa SdSte?wTth. Jst intensity (.,,) in order to determine the first absorptK ,n values <Q,< P .d)). 
^iut durino a second measuring cycle the total positioning zone (4) of the same or a 
Shboiring bodTsHce'slrradiat J with the second intensity (U in order to determine second ^ 

50 ^l^ Q ^2 d in Claim 1. characterized in that th« , bod> r(6) is displaced I ir t. 

directionTransverselyofell measuring direction, in order tc >J?*»**^^J&^ 

"eS T *)?n order to determine first absorption values (Q,-<p.*>. the second absorption 55 

awes ot tne already .rradiated uudv slice "hose associated measunno Da > h \***_ ^ 
xammanon zcr.e . ' " be.nq used tor M cn measunna d.rec^on as approx.mateo seconc 
absorpt.cn values (Q',"tp>> for the reconstruction o. the rao.at.on adsorption distnout.o: 

60 b °3 y S A C mi n tnod as claimed in Cla.m 1 or 2. characterized in that the second intensity (l 05 ) 60 
60 which I, Zer than the first intensity <l 01 ) is adjusted by reduction of the tube current of an X- 

r Y° A method as claimed in Claim 1 or 2. characterized in that the second intensity <« 07 ) is 

55 Z^J£^"2SZ1 ,n that for each measuring - 
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direction there is formed a correction factor (C(#)) whereby the second absorption values whose 
associated measuring paths extend outside the examination zone are multiplied in order to form 
approximated second absorption values (Q.' 2 {p.fy* the correction factor being determined by 
dividing all first absorption values which are associated with one measuring direction {&) and 
5 with measuring paths extending through the examination zone (1 1 ) by the second absorption 5 
value associated with the same measuring path, after which at! quotients are mathematically 
averaged in order to determine the correction factor. 

6. A method as claimed in the Claims 2 and 4, characterized in that for each further body 
slice (n) and each measuring direction (#) a further correction value (C w (#)) is formed by 

1 0 determining a quotient of each further first absorption value (CV n, (p,#)) and a second absorption 1 0 
value (Q 2 <1, (p#*>) of the first body slice determined along the same measuring path, and by 
arithmetically averaging all quotients determined for the measuring direction {#)» the second 
absorption values (<V'(p.#)) of the first body slice whose associated measuring paths extend in 
this measuring direction (d) outside the examination zone (11) being multiplied by the further 

1 5 correction value (O^tf)) in order to determine approximated second absorption values (Q' 2 W 1 5 " 

7. A method as claimed in the Claims 2, 3 or 4, characterized in that for the determination 
of a radiation absorption distribution in a thfee-dimeiisiohai body zone the totai positioning zone 
of a first and a last body slice, bounding the body zone is irradiated with the second intensity 

20 (I02) in order to determine second absorption values (Q 2 m (p,#), (V^p,*)). the approximated 20 
further second absorption values (Q' 2 N (p.#)) for a body slice <n) which is situated between the 
first and the last body slice 1 and (N), respectively, being determined by forming for each 
measuring path in the further body slice (n) an absorption sum (Q 2 w (p,i>)) which is composed of 
a multiplication of a second absorption value (Q 2 m (p,#)) whose associated measuring path 

25 extends within the first body slice (1), by a first weighting factor (a w ), and of a multiplication of 25 
a second absorption value (Q 2 w (p,d)) whose associated measuring path extends within the last 
body slice (N) by a second weighting factor {&*>), said meaurtng paths all having the same 
orientation (p,*) within the three parallel extending examination planes (1, n, N), the weighting 
factors whose sum equals one being dependent on the distance between the further body slice 

30 (n) and the first (1) and the last (N) body slice, respectively, the absorption sums (Q 2 w <p,#) 30 
which are associated with the measuring paths extending within the examination zone of the 
further body slice (n) and the further first absorption values (Q^p,*) being used to determine 
an approximated correction factor (£ te) {#)) by determining the quotient of a further first 
absorption value (Q^tp,*)) and an absorption sum (Q^p,*)) of the same body slice <n) 

35 associated with the same measuring path, ail quotients formed for the measuring direction {&) 35 
being subsequently arithmetically averaged in order to determine the approximated correction 
factor after which in order to determine approximated further second absorption values 

(Q7 n >(p,#)), each absorption sum (Q 2 (Ai (p,£)) is multiplied by the correction factor the 
measuring paths associated with said absorption sums extending outside the examination zone 

40 of the further body slice (n). 40 

8. A method as claimed in Claim 7, characterized in that the first weighting factor is chosen 
as s 



N-n 

45 a< rt > = 45 

N 

and the second weighting factor as b <n » — 1 — a< 0> , n being the number of body slices from the 
first body slice and N being the total number of irradiated body slices. 

50 9. A method as claimed in any of the Claims 5, 6 or 7, characterized in that in order to 50 - 

reduce local image artefacts, for each body slice (n) the approximated second absorption values 
(Q 2 <n> (p,£) or the approximated further second absorption values (Q' 2 w (p,*)) are multiplied by a 
further weighting factor which is dependent on the difference in location (p-p') between 
the measuring paths (p), extending in parallel with respect to each other in the measuring 

55 direction (tr). and the measuring path (p') which is tangent to the examination rone of the body 55 
>Hcc (rt) 

■neinou uaitnec ..>airr r uuar:Ten7Po rna: trie xui'i-.t-i weiannr:^ "ictor 

'•use- ■■■ 

60 <V(P'.#> 60 

d«(p.#) - 1 - f(p-p') + f (p-p'), 

aw,*) 

in which Q/ n> (p,#) is a first absorption value and Q'/ r, (p,#) is an approximated second absorption 
6F> value of a first body slice and a further (n) body slice, respectively, along the measuring paths 65 
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(p') which are tangent to the examination zone, f(p-p') being a monotously decreasing 
weighting function. 

11. A method as claimed in Claim 1 , characterized in that during the first and the second 
measuring cycle a source for generating the penetrating radiation is situated at a first and a 

5 second distance, respectively, from the examination zone, the first distance being smaller than 5 
the second distance. 

1 2. A computer tomography apparatus for determining the radiation absorption distribution 
in a slice of a body, comprising a radiation source for generating a beam of penetrating radiation 
in order to irradiate a body in a plurality of directions which are situated in one plane, a detector 

10 device for measuring the radiation having passed^th rough the body in order to supply absorption 10 
values which are a measure for the radiation attenuation along measuring paths which pass 
through the body and which are situated in one plane, a support on which the radiation source 
and the detector device are mounted one opposite the other, a positioning zone for the body to 
be examined being situated therebetween, a central processing device for determining absorp- 

1 5 tion coefficients of the radiation absorption distribution from the absorption values, a memory 1 5 
for storing the absorption values and the absorption coefficients, and a display device for the 
display of the radiation absorption distribution ^characterized in that the detector device 
comprises at least one short and one long detector row which are arranged parallel to each 
other, the detectors which are situated at the ends of the long detector row detecting radiation 

20 which is tangent to the positioning zone, whilst the short detector row determines the size of an 20 
examination zone which is situated within the positioning zone. 

13. A computer tomography apparatus as claimed in Claim 12, characterized in that the 
detector device comprises two long detector rows wherebetween short detector rows are 
situated. 

25 14. A computer tomography apparatus for determining the radiation absorption distribution it 
in a slice of a body, comprising a radiation source, for generating a beam of penetrating radiation 
in order to irradiate a body in a plurality of directions which are situated in one plane, a detector 
device for measuring the radiation having passed through the body in order to supply absorption 
values which are a measure for the radiation attenuation along measuring paths which pass 

30 through the body and which are situated in one plane, a support on which the radiation source 30 
and the detector device are mounted one opposite the other, a positioning zone for the body to 
be examined being situated therebetween, a central processing device for determining absorp- 
tion coefficients of the radiation absorption distribution from the absorption values, a memory 
for storing the absorption values and the absorption coefficients, and a display device for the 

35 display of the radiation absorption distribution, characterized in that there is provided a power 35 
supply unit for operating the radiation source with two different radiation intensities in order to 
determine first absorption values (Q,<p,#)) associated with measuring paths extending through 
an examination zone, covering a central part of the positioning zone, during a first measuring 
cycle for each of said directions by means of a high radiation intensity (1 01 ), and for determining 

40 second absorption values (Q 3 (p,#)) associated with measuring paths which cover the entire 

positioning zone during a second measuring cycle for each of said directions with a low ™ l * Xi <> n 
intensity (! 02 ). the apparatus comprising further arithmetic means for determining the number (K) 
of measuring paths which extend through the examination zone per direction, for determining 
and summing quotients of the first and second absorption values Q,(p,#) and Q 2 {p,#) associated 

45 with said measuring paths, for dividing the sum thus obtained by the number (K) of measuring 
paths, thus determining a correction factor C(i?) according to the formule 

C(*) = «i(Q,(p,*)/Q 2 (p.*))K. 

50 and for multiplying the further second absorptioiwalues (Q 2 (p.3» which are associated with said 50 
measuring direction and which have been determined along measuring paths which extend 
outside the examination zone by the correction factor C(d). 

15. A computer tomography apparatus as claimed in the Claim 1 3 or the Claims 1 3 and 1 4, 
characterized in that the apparatus comprises an interpolation circuit for determining interpolated ^ ^ 
r ^lue^ from the absorption values supplied by the long detector rows 

^ metnou u; determining the distributions 'adiation absorption t;<k ^yut j .-..> 
namination zone in a oocty which s situated wttnm a positioning zone wn.cn completely 
surrounds the exemmation zone, the examination zone being completely irradiated in ditterem 
measurement directions which are situated within the examination zone along a large piuraiiTy oi 
60 measurement paths by means of radiation of a first intensity in order to derive a first group of bU 
measurement values, the part of the positioning zone which is situated outside the examination 
zone being irradiated in a corresponding plurality of measurement directions along measurement 
paths by means of radiation of a second intensity which is lower than the first intensity in order 
to derive a second group of measurement values, a first group of absorption values being 
65 determined from the first group of measurement values and a second group of absorption values 
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being determined from the second group of measurement values, said absorption valu s being 
used for the computed reconstruction of the distribution of the radiation absorption, character- 
ized in that during a first measurement cycle, as herein defined, the irradiated width of the body 
section only spans the examination zone of the body section under xamination, and is 
irradiated with radiation having the first intensity (l 01 ) in order to determine the first group of 
5 absorption values (Q t (p,£)), and during a second measurement cycle, as herein defined, the 5 
entire positioning zone of the same or of an adjacent body section is irradiated with radiation 
having the second intensity {!<„) in order to determine the second group of absorption values 
(CMP**)). 

17. A method as claimed in Claim 1 6, characterized in that the body is displaced in a 
10 direction at right angles to all the measurement directions in order successively to irradiate body 10 
sections which are situated parallel to and adjacent an initially irradiated body section (n), the 
irradiated width of the body section only extending so as to span an examine ton zone in each 
successive body section (n) under examination when irradiated with radiation of the first 
intensity (I 01 in order to determine respective corresponding first groups of absorption values 
1 5 (Q^p.^). respective absorption values of the second group determined for the initially irradiated 1 5 
body section, whose associated measurement paths extend outside the examination zone, being 
used for each corresponding measurement direction as approximate second absorption values 
(Q's^P'tf) for the computed recpnstnjction of the radiation absorption distribution »r» each 
successive body slice (n). 

20 18. A method as claimed in Claim 16 or 17, characterized in that the second intensity (l OT ) 20 
which is lower than the first intensity (l 01 ), is provided by reducing the tube current of an X-ray 
source. 

1 9. A method as claimed in Claim 1 6 or 1 7, characterized in that the second intensity (1^) 
is provided by reducing the tube voltage of an X-ray source. 

25 20. A method as claimed in any one of Claims 1 6 to 1 9, characterized in that for each 25 
measurement direction there is formed a correction factor (C(i>)) by which the second absorption 
values whose associated measurement paths extend outside the examination zone, are multiplied 
in order to form approximate second absorption values (Q'^,^), the correction factor being 
determined by dividing each first absorption value associated with one measurement direction 

30 {&) and with respective measurement paths extending through the examination zone, by the 30 
second absorption value associated with the same measurement path, after which all quotients 
are mathematically averaged in order to determine the correction factor. 

21 . A method as claimed in Claim 20 when dependent on claim 1 7, or on claim 1 8 or 
claim 1 9 when dependent on claim 1 7. characterized in that for each further body section 

35 (n) and each measurement direction (£) a further correction value (C^fl)) is formed by 35 
determining a quotient of each absorption value (Q, ( *(p,£)) or the corresponding first groups of 
absorption values, and that absorption value (Q 2 m {P^) of the second group of absorption values 
relating to the initially irradiated body slice, and determined along the same measurement path, 
and arithmetically averaging all the quotients determined for that measurement direction (d), the 

40 absorption values (Q 2 n) (p,#)) of the second group of absorption values relating to the initial 40 
irradiated body alice, and which are determined using measurement paths extending in said 
measurement direction (#) outside the examination zone, being multiplied by the further 
correction value (C^tty) in order to determine the respective approximate absorption values 
(Q' a «">(p,#)) of the second group of absorption values relating to said further body section. 

45 22. A method as claimed in any one of Claims 1 7, 18 and 1 9, characterized in that for the 45 
determination of a radiation absorption distribution in a three-dimensional body zone the entire 
positioning zone relating to a first and a last body section, bounding the body zone, is irradiated 
with the second intensity (\^ in order to determine absorption values (Q 2 n) (p,$), Q 2 W |>,$), of 
corresponding second groups of absorption values, the approximate absorption values (Q'^p,^) 

50 of the second group of absorption values relating to a further body section (n) which is situated 50 » 
between the first and the last body section 1 and (N), respectively, being determined by forming 
for each measurement path in the further body section (n) an absorption sum (Q a «{p,*)) which is 
formed by summing the product of an absorption value (Q 2 (1 >(p # £)) of a said second group, 
whose associated measurement path extends within the first body section (1), and a first 

55 weighting factor (a**), and the product of an absorption value (Q 2 <*>{p,0)) Q f a S aid second group, 55 
whose associated measurement path extends within the last body section (N), and a second 
veiqhtinu factor (b' v >. said measurement paths all having the same onentation (p.#) wrthm u 
?nree parallel extendmq examination planes M n, N), the first and second weighting factors 
^vnose sum equals unity, being dependent on the distance between the further body section (n) 

60 and the first (1 ) and the iasi (N) body section, respectively, the absorption sums (Qj'^p/^) which 60 
are associated with the measurement paths xtending within the examination rone of the further 
body section (n) and the absorption values (Q, w (p,£) of the first group of absorption values 
relating to said furth r body section, being used to determin an approximate correction factor 
(C (n| (#)) by determining the quotient of an absorption value (Q, w (p.*)) from the first group of 

65 absorption values relating to the further body section, and an absorption sum <Q 2 ( *(p, #)) of the 65 
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same body section (n) associated with the same measurement path, all quotients formed for the 
measurement direction (d) beina subsequently arithmetically averaged in order to determine the 
approximate correction factor (6 n) id)l after which in order to determine the respective approxi- 
mate absorption values (Q'/*(p,#> of the second group of absorption values relating to the 
5 further body section, each absorption sum (Q 2 w {p,#» is multiplied by the correction factor 5 
(C*H*M* the measurement paths associated with said absorption sums extending outside the 
examination zone of the further body section (n). 

23. A method as claimed in Claim 22, characterized in that the first weighting factor is 
chosen as 

10 10 
N-n 



N 

1 5 and the second weighting factor as b ,n > — 1 - a w , n being the number of body sections from the 1 5 
first body section and N being the total number of successively irradiated body sections. 

24. A method as claimed in any one of Claims 20, 21 and 22, characterized in that in order 
to reduce local image artefacts, for each body section (n) the approximate second absorption 
values (GV*(p,#)) or the approximated further second absorption values (Q' 2 w (p,#)) are multiplied 

20 by a further weighting factor (d*) which is dependent on the difference in location (p-p # ) 20 
between the measurement paths <p), extending in parallel with respect to each other in the 
measurement direction (#), and the measurement path (p # ) which is tangential to the 
examination zone in the body section (n). 

25. A method as claimed in Claim 24, characterized in that the further weighting factor is 

25 chosen as 25 

d<»xp.a) - 1 - f(p_ P ') + f (p-p*), 

Q' 2 W (P'.») 

30 30 
in which Q l <n| (p / d) is a first absorption value and Q' 2 *>(M) is an approximated second absorption 
value of a first body section and a further (n) body section, respectively, along the measurement 
paths (p') which are tangential to the examination zone, f(p-p'> being a monotously decreasing 
weighting function « 

35 26. A method as claimed in Claim 16, characterized in that during the first and the second 35 
measurement cycle a source for generating the penetrating radiation is situated at a first and a 
second distance, respectively, from the examination zone, the first distance being smaller than 
the second distance. 

27. Computed tomography apparatus for determining the radiation absorption distribution in 

40 a planar section of a body, comprising a radiation source for generating a beam of penetrating 40 
radiation in order to irradiate a body in a plurality of directions which are situated in a common 
plane, a detector device for measuring the radiation after passing through the body in order to 
provide absorption values which are a measure of the radiation attenuation along measurement 
paths which pass through the body and which are situated in the common plane, a support on 

45 which the radiation source and the detector device are mounted one opposite the other, o 45 
positioning zone for the body to be examined being situated therebetween, a central processing 
device for determining local absorption coefficients of the radiation absorption distribution from 
the absorption values, a memory for storing the absorption values and the absorption 
coefficients, and a display device for the display of the radiation absorption distribution, 

50 characterised in that said apparatus includes control and adjustment means for defining and 50 
carrying out a respective first and second measurement cycle, as herein defined, and arranged 
during said first measurement cycle to cause the span of the irradiation beam to be confined to 
the width of an examination zone which lies within the planar section of a body under 
examination, the beam intensity at the body section to assume a first intensity (l 0 t) end to 

^ allocate absorption values formed from the output of the detector device to a first group of r ^ 

absorption values i'G,(p,#)) and durmq said second measurement cycle to c ause the irradiate 
oeam to span the entire width ot a positiomnq zone surrounding the examination acme, and 
within which the entire DOdy section is accommodated, the Oeam intensity at the Doay section i*., 
assume a second intensity (J 02 which is lower then said first intensity, and to allocate absorption 

60 values formed from the output of the detector device to e second group of absorption values 60 

28. Computed tomography apparatus as claimed in Claim 27 characterized in that the 
detector device comprises at least one short and one long detector row which are arranged 
parallel to each other, the detectors which are situated at the ends of the long detector row 

65 detecting radiation which is tangential to the positioning zone, whilst the short detector row 6 5 
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determines the size of the examination zone which is situated within the positioning zone. 

29. Computed tomography apparatus as datmed in Claim 28, characterized in that the 
detector device comprises two long detector rows wherebetween short detector rows are 
situated. 

5 30. Computed tomography apparatus as claimed in any one of Claims 27 to 29 character- 5 
ized in that there is provided a power supply unit for operating the radiation source with two 
different radiation intensities in order to determine the first group of absorption values (Q,(p.d)) 
associated with measurement paths extending through an examination zone extending over a 
central part of the positioning zone, during a first measurement cycle for each of said directions 

1 0 by means of a high radiation intensity (l 01 ), and for determining the second group of absorption 1 0 
values (Q 2 (p,#)) associated with measurement paths which extend over the entire positioning 
zone during a second measurement cycle for each of said directions with a low radiation 
intensity (! 02 ), the apparatus comprising further arithmetic means for determining the number (K) 
of measurement paths which extend through the examination zone for each direction, for 

1 5 determining and summing quotients of respective absorption values Q,(p,0) and Q 2 (p,0) from 1 5 
said first and second groups of absorption values, and associated with common said measure- 
ment paths, for dividing the sum thus obtained by the number (K) of measurement paths, thus 
determining a correction factor C(d) according to the formula 

20 m - <(2(Q t (p,d)/Q 2 <p.*»K, 20 

and for multiplying absorption values (Q 2 (p,d)) of the second groups of absorption values, which 
are associated with said measurement direction and which have been determined along 
measurement paths which extend outside the examination zone by the correction factor C{#). 

25 31 . A computed tomography apparatus as claimed in the Claim 1 3 or the Claims 1 3 and 25 
1 4, characterized in that the apparatus comprises an interpolation circuit for determining 
interpolated values from the absorption values supplied by the long detector rows. 

32. A method of computed tomography, substantially as herein decribed with reference to 
the accompanying drawings. 

30 33. Computed tomography apparatus, substantially as herein described with reference to the 30 
accompanying drawings. 

Printed for Her Majesty * Stationary 0H<e by Bwrgew & Son fAfcngoon) Ud. — 1982. 

Published at The Patent Office. 25 Southampton BuSdings. London. WC2A 1 AY. Horn which copies may be obtained. 



bNSUCX-JL> <G8 2O9B670A_ 



